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baryons
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Abstract: First non-trivial chiral corrections to the magnetic moments of triplet (T ) and sextet (S(∗))
heavy baryons are presented using Heavy Hadron Chiral Perturbation Theory. The contributions are
calculated up to order O(1/(mQΛ2χ)) for T -baryons and up to order O(1/Λ2χ) for S(∗)-baryons. The
renormalization of the chiral loops is discussed and relations among the magnetic moments of different
hadrons are provided.
1. Introduction
In some kinematical regions, which are not far
from the chiral and heavy quark limits, both
Chiral Perturbation Theory (ChPT) and Heavy
Quark Effective Theory (HQET) can be com-
bined together to construct an effective Lagran-
gian which describes soft interactions of hadrons
containing a single heavy quark [1]-[4]. The out-
coming theory takes the name of Heavy Hadron
Chiral Perturbation Theory (HHCPT). The ba-
sic fields of HHCPT are heavy hadrons and light
mesons. In ref. [6], the formalism is extended
to include also electromagnetism. We use this
hybrid effective Lagrangian to calculate the mag-
netic moments (MM) of some baryons containing
a c or a b quark. We find that within HHCPT, it
is possible to establish relations among the MM
of all this baryons. This measurement can pro-
vide a useful test for HHCPT. In this paper we re-
view the issue as it has been presented in ref. [5].
The light degrees of freedom in the ground
state of a baryon with one heavy quark can be
either in a sl = 0 or in a sl = 1 configuration.
The first one corresponds to JP = 12
+
baryons
and are annihilated by Ti(v) fields which trans-
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form as a 3¯ under the chiral SU(3)L+R and as a
doublet under the HQET SU(2)v. In the second
case, sl = 1, the spin of the heavy quark and
the light degrees of freedom combine together to
form JP = 3/2+ and J = 1/2+ baryons which
are degenerate in mass in the mQ → ∞ limit.
The spin- 32 ones are annihilated by the Rarita-
Schwinger field S∗ijµ (v) while the spin-
1
2 baryons
are destroyed by the Dirac field Sij(v).
The particle assignement for the J = 1/2
charmed baryons of the 3¯ and 6 representations
is (T1, T2, T3) = (Ξ
0
c ,−Ξ+c ,Λ+c ) ,
Sij =

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Σ++c
√
1
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√
1
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c√
1
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+
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0
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c
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c

 ,
and the corresponding b-baryons are
(T1, T2, T3) = (Ξ
−
b ,−Ξ0b ,Λ0b) ,
Sij =


Σ+b
√
1
2Σ
0
b
√
1
2Ξ
0′
b√
1
2Σ
0
b Σ
−
b
√
1
2Ξ
−
′
b√
1
2Ξ
0′
b
√
1
2Ξ
−
′
b Ω
−
b

 .
The J = 3/2 partners of these S baryons have
the same SU(3)V assignement in S
∗ij
µ .
The chiral Lagrangian describing the soft
hadronic and electromagnetic interactions of the-
se baryons in the infinite heavy quark mass limit
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can be found in ref. [5] and we refer to this paper
for its complete expression and notation. Here
we point out only some considerations.
First of all, there are no MM terms in the
lowest order Lagrangian. Therefore, the contri-
butions to the MM come from:
1) the order O(1/Λχ) terms in the baryon chiral
Lagrangian [5, 6]. In the rest of the paper we
will take Λχ = 4πfpi ≃ 1.2 GeV which fixes the
normalization of the unknown couplings ci;
2) terms of order 1/mQ from the heavy quark ex-
pansion which break both spin and flavour sym-
metries [5, 6];
3) chiral loops of Goldstone bosons coupled to
photons, as described by the lowest order La-
grangian;
4) we have not considered contributions of order
O(1/(mQΛχ)). For the b–baryons, these correc-
tions can be safely neglected. For the c–baryons,
however, a simple estimate shows that their con-
tribution cannot be larger than, say, 15%. More-
over also O(1/Λ3χ) contributions can be neglected
because they are NNLO chiral corrections.
The renormalization of the divergent chiral
loops which contribute to the MM requires the
introduction of higher order operators. In the
case of S baryons we find that all divergences and
scale dependence to O(1/Λ2χ) can be absorbed
in a redefinition of only one O(1/Λχ) coupling.
Results are presented in section 2. The mag-
netic moments of the T -baryons are analyzed in
ref. [14]. However this analysis does not include
all meson loops and the needed counterterms are
not taken into account. In section 3 we provide
a consistent calculation of the T magnetic mo-
ments to order O(1/(mQΛ2χ)). Finally section 4
summarizes our conclusions.
2. Results for S-baryons (sl = 1)
We define the magnetic moment operator for a
spin 1/2 baryon B and a spin 3/2 baryon B∗ν
respectively as
−ieµ(B)FαβB¯σαβB; −ieµ(B∗)FαβB¯∗µσαβB∗µ .
(2.1)
The leading contributions from the light- and
heavy-quark magnetic interactions are of order
O(1/Λχ) and O(1/mQ) respectively. We com-
fpi 93 MeV
mpi 140 MeV
mK 496.7 MeV
∆ST 168 MeV
mc 1.3 GeV
mb 4.8 GeV
Table 1: Constants used in numerical estimates.
Baryon µχ µg3
S11 2 1 +mpi/mK√
2S12 1/2 1/2
S22 −1 −mpi/mK√
2S23 −1 −(1 +mpi/mK)/2√
2S13 1/2 mpi/(2mK)
S33 −1 −1
Baryon µg2
S11 Ipi + IK√
2S12 IK/2
S22 −Ipi√
2S23 −(Ipi + IK)/2√
2S13 Ipi/2
S33 IK
Table 2: Contributions to magnetic moments of spin
1/2 c and b-baryons (sl = 1).
pute the next-to-leading chiral corrections of or-
der O(1/Λ2χ) which originate from the loop dia-
grams shown in fig.1.
The resulting MM can be decomposed as:
µ(B(∗)) =
1
72
(
6
QQ
mQ
µHQE(B
(∗))+
16cs
Λχ
µχ(B
(∗)) + 3g22
∆ST
(4πfpi)2
µg2(B
(∗))−
3g23
mK
4πf2pi
µg3(B
(∗))
)
. (2.2)
where µi(B) and µi(B
∗) are related by
1
3
µHQE(B
∗) = µHQE(B) = 1
µi(B
∗) = −3
2
µi(B) i = χ, g2, g3 .
(2.3)
The values of the µi(B) contributions are re-
ported in Table 2 for baryons containing a Q-
quark (Q = c, b) where
Ii ≡ I(∆ST ,mi) = 2
(
−2 + log m
2
i
µ2
)
+
2
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2
√
∆2ST −m2i
∆ST
log
(
∆ST +
√
∆2ST −m2i
∆ST −
√
∆2ST −m2i
)
.
We want to stress that due to flavour sym-
metry, the constants cs, g2 and g3, and hence
the values of µχ, µg2 and µg3 , are the same for c
and b–baryons. The only difference is the contri-
bution proportional to µHQE due to the differ-
ent electric charge of the c, Qc = +2/3, and b,
Qb = −1/3, quarks (see Eq. 2.2).
The results proportional to g22 are obtained
performing a one-loop integral (fig. 1 with an
S–baryon running in the loop) that has to be
renormalized. The divergent part of the integral
does not depend on the pion or kaon mass and
is instead proportional to the mass of the baryon
running in the loop. If one considers both pion
and kaon loops the divergent part respects the
SU(3) structure of the chiral multiplet and can
be canceled with an operator of the form
e
Λ2χ
tr
[
S¯µ (v ·DSν)Q−
(
v ·DS¯µ
)
SνQ
]
Fµν .
(2.4)
This is the most general dimension–6 chiral and
Lorentz invariant operator constructed out of Sijµ
and QFµν , preserving parity and time-reversal
invariance which contributes to MM. When the
equation of motion ((v ·D)Sµ = ∆ST Sµ) is ap-
plied, its contribution is of the same form as the
term proportional to cs. Thus, the local con-
tribution from the operator in Eq. 2.4 can be
taken into account, through an effective coupling
cS(µ). The scale µ dependence of the loop in-
tegrals is exactly canceled by the corresponding
dependence of the coefficient cS(µ).
The contribution proportional to g23 involves
a loop integral in which a baryon of the T -multip-
let is running in the loop. However, as we are in
the limit of mT →∞ no mass term for these T -
baryons is present in the lower order Lagrangian.
This means that the only massive particles run-
ning in the loop are the light mesons and the
result of the integral is convergent and propor-
tional to their mass.
Using Table 2 one can derive the following
linearly independent relations for the magnetic
moments of spin 1/2 baryons containing a c-quark:
µ(Σ++c ) + µ(Σ
0
c) = 2µ(Σ
+
c )
µ(Σ++c ) + µ(Ω
0
c) = 2µ(Ξ
+′
c )
µ(Σ++c ) + 2µ(Ξ
0′
c ) = µ(Σ
0
c) + 2µ(Ξ
+′
c )
µ(Σ0c) + 2µ(Ξ
+′
c ) =
1
6mc
. (2.5)
Including the spin 3/2 baryons one can derive six
more independent relations,
µ(Σ++∗c ) + µ(Σ
0∗
c ) = 2µ(Σ
+∗
c )
µ(Σ++∗c ) + µ(Ω
0∗
c ) = 2µ(Ξ
+′∗
c )
µ(Σ++∗c ) + 2µ(Ξ
0′∗
c ) = µ(Σ
0∗
c ) + 2µ(Ξ
+′∗
c )
µ(Σ0∗
c
) + 2µ(Ξ0
′
∗
c
) = 3
(
µ(Σ0c)− 2µ(Ξ+
′
c )
)
2
3
µ(Σ++∗c )− µ(Σ0c) = 2µ(Ξ+
′
c )− µ(Σ++c )
6µ(Σ+c )− 4µ(Σ++c ) = −4µ(Σ+∗c ) +
8
3
µ(Σ++∗c ) .
(2.6)
The last three equations connect observables cor-
responding to spin 1/2 and spin 3/2 baryons.
Moreover, it is easy to deduce 10 analogous
equations that relate baryons having a b-quark
µ(Σ+b ) + µ(Σ
−
b ) = 2µ(Σ
0
b)
µ(Σ+b ) + µ(Ω
−
b ) = 2µ(Ξ
0′
b )
µ(Σ+b ) + 2µ(Ξ
−
′
b ) = µ(Σ
−
b ) + 2µ(Ξ
0′
b )
µ(Σ−b ) + 2µ(Ξ
0′
b ) = −
1
12mb
µ(Σ+∗b ) + µ(Σ
−∗
b ) = 2µ(Σ
0∗
b )
µ(Σ+∗b ) + µ(Ω
−∗
b ) = 2µ(Ξ
0′∗
b )
µ(Σ+∗b ) + 2µ(Ξ
−
′
∗
b ) = µ(Σ
−∗
b ) + 2µ(Ξ
0′∗
b )
µ(Σ−∗
b
) + 2µ(Ξ−
′
∗
b
) = 3
(
µ(Σ−b ) + 2µ(Ξ
0′
b )
)
2
3
µ(Σ+∗b )− µ(Σ−b ) = 2µ(Ξ0
′
b )− µ(Σ+b )
6µ(Σ0b)− 4µ(Σ+b ) = −4µ(Σ0∗b ) +
8
3
µ(Σ+∗b ) ,
(2.7)
and two independent equations that relate b- and
c-baryons
µ(Σ0b)− µ(Σ+b ) = µ(Σ+c )− µ(Σ++c )
µ(Σ++c )−
1
3
µ(Σ++∗c ) = µ(Σ
+
b )−
1
3
µ(Σ+∗b ) .
(2.8)
From Table 2, we see that the order O(1/Λχ)
and O(1/Λ2χ) contributions cancel in the sum of
all baryon MM within the sextet. Therefore, the
3
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Ref. g2 g3
[10] 1.88 1.53
[3] 1.5 1.06
[12] 0.83± 0.23 0.67± 0.18
[13] 1.56± 0.3± 0.3 0.94± 0.06± 0.2
Table 3: Theoretical estimates of g2 and g3.
average over the baryon moments measures the
MM of the heavy quark, 〈µ(SQ)〉 = 〈µ(S∗Q)〉/3 =
QQ/12mQ .
If one has got a numerical estimate of the
couplings g2 and g3, it is possible to derive a
scale independent relation between any couple of
baryons. The combination
µ(B1)− µχ(B1)
µχ(B2)
µ(B2) (2.9)
is independent of the unknown coupling cS(µ) an
can then be predicted. For instance
µ(Σ+b ) + 2µ(Σ
−
b ) =
1
24
g23
4πf2pi
(mK −mpi)−
∆ST
24
g22
(4πfpi)2
(IK − Ipi)− 1
12mb
. (2.10)
The couplings g2 and g3 have been calculated
theoretically. In Table 3 we report the results of
these computations.
There exists an experimental measurement
of g3 from CLEO coming from the decay Σ
∗
c →
Λcπ [9, 11], g3 =
√
3 (0.57 ± 0.10). The direct
measurement of g2 is not possible at present.
However, the quark model relates its value to
g3 [11], yielding g2 = 1.40± 0.25.
In order to get a numerical estimate of the
left-hand side of Eq. 2.10 we set g2 = 1.5 ± 0.3
and g3 = 0.99±0.17 and the rest of the constants
as in Table 1. We find for our best estimate of
Eq.2.10
µ(Σ+b ) + 2µ(Σ
−
b ) = 0.23± 0.09 GeV−1 . (2.11)
3. Results for T -baryons (sl = 0)
As the light quarks of the T -baryons are in a
sl = 0 configuration, the contributions to the
magnetic moments of these hadrons are 1/mQ
suppressed [4]. The leading term is of the form
µHQE/mQ and the first chiral corrections are of
order O(1/(mQΛχ)) and come from [14]
L′(long) =
cT
4mQ
e
Λχ
T¯ iσµνQijT
jFµν . (3.1)
The contributions of order O(1/(mQΛ2χ)) have
different origin:
1. there is a divergent contribution [14] com-
ing through the chiral loops shown in fig. 2,
which is proportional to the explicit mass
splitting, ∆MQ = 3
λ2S
mQ
, for the spin 1/2
and spin 3/2 parts of S-baryons [15];
2. besides, one can consider a spin–symmetry
breaking operator of O(1/mQ);
L′ = g
′
mQ
[
ǫijkT¯
iσµν(ξµ)
j
lS
kl
ν +
ǫijkS¯µklσµν(ξ
ν)ljTi
]
, (3.2)
which gives rise to divergent loop diagrams,
as the one in fig. 2, where one of the ver-
tices is proportional to g′.
3. further, there are finite contributions of the
same order coming from the SU(3)-break-
ing operators
e
ω1
4mQΛ2χ
T¯ iσµνQilχ
l
jT
jFµν +
e
ω2
4mQΛ2χ
QQT¯
iσµνχijT
jFµν , (3.3)
where, in the limit of exact isospin symme-
try χ = Diag
(
m2pi,m
2
pi, 2m
2
K −m2pi
)
.
As in the case of the S-baryons, when all Gold-
stone boson loops are included, the scale µ de-
pendence of the result of fig. 2 is canceled by the
corresponding dependence of an effective cT (µ).
The interaction term of Eq. 3.2 and the finite
terms of Eq. 3.3 were first taken into account in
ref. [5].
Similarly to what we have done in the previ-
ous paragraph we write the magnetic moment of
T -baryons as
µ(B) =
1
24mQ
(
−6QQµHQE(B)− cT
Λχ
µT (B)+
g23
3λ2S
(4πfpi)2
µg3(B) + 6g3g
′
∆ST
(4πfpi)2
µg′(B) +
2
ω1m
2
K
Λ2χ
µχ1(B)− 6QQ
ω2m
2
K
Λ2χ
µχ2(B)
)
. (3.4)
4
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Baryon µT µg3 µg′
T1 4 Jpi + JK Ipi + IK
−T2 −2 −Jpi −Ipi
T3 −2 −JK −IK
Baryon µχ1 µχ2
T1 −2m2pi/m2K m2pi/m2K
−T2 m2pi/m2K m2pi/m2K
T3 2−m2pi/m2K 2−m2pi/m2K
Table 4: Contributions to magnetic moments of spin
1/2 T -baryons (sl = 0).
The values of the µi are written in Table 4 where
Ji =
∂
∂∆ST
(∆ST I(∆ST ,mi)) . (3.5)
Corrections to our results for T –baryons are of
order O(1/m2Q) and hence negligible.
By eliminating the unknown coupling con-
stants, one can deduce two independent relations
among the magnetic moments of both T-multip-
lets
mb µ(Ξ
−
b )−mc µ(Ξ0c) = mb µ(Ξ0b)−mc µ(Ξ+c )
mb µ(Λ
0
b)−mc µ(Λ+c )−
1
4
=
(
2
m2K
m2pi
− 1
)
×[
mb µ(Ξ
−
b )−mc µ(Ξ0c)−
1
4
]
. (3.6)
In the absence of the SU(3)-breaking opera-
tors in Eq. 3.3, the average baryon MM over the
T multiplet would be equal to the heavy quark
MM [14]. The result is however corrected by con-
tributions proportional to the unknown couplings
ω1 and ω2
1:
〈µ(TQ)〉 = −1
4mc
[
QQ +
2ω1m
2
K
9Λ2χ
(
1− m
2
pi
m2K
)
−
QQ
ω2m
2
K
3Λ2χ
(
2 +
m2pi
m2K
)]
. (3.7)
4. Conclusions
The magnetic moments of triplet and sextet hea-
vy baryons have been computed in the HHCPT.
The calculation of the S(∗)-baryons MM at the
1Notice that our definition of MM differs from the one
in ref. [14] by a factor −1/4.
order O(1/Λ2χ) involves only one new arbitrary
constant, cS . Thus it is possible to derive rela-
tions among the MM of the hadrons in the same
sextet where all masses and effective couplings
are eliminated. Due to heavy quark symmetry
the MM of the S and S∗ sextets are also related.
Moreover, as c and b baryons are described by
the same arbitrary constants, we can connect the
MM of the two kinds of hadrons. The average
over one sextet equals the corresponding heavy
quark MM.
In the case of T -baryons the first corrections
appear at order O(1/(mQΛ2χ)) and four arbitrary
constants are required. Then we are left with
only two independent relations which combine c
and b triplets and contain mc and mb. The aver-
age over one triplet equals the heavy quark MM
only in the absence of SU(3)-breaking operators.
The measure of the magnetic moments of
heavy baryons represents an experimental chal-
lenge. Nevertheless several groups are contem-
plating the possibility of performing it in the near
future (BTeV, SELEX) [16].
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Figure 1: Meson loops contributing to S-baryons MM.
pi, Κ
γ
*T TS, S
Figure 2: Meson loops contributing to T -baryons MM.
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